A multiwavelength study of a nearby dust lane early-type galaxy IC 5063 is presented. The objectives are to investigate dust extinction properties and the association of interstellar dust with other phases of ISM. The color-index maps as well as the extinction maps derived from the analysis of deep CCD observations in optical passbands revealed a prominent dust lane along its optical major axis in the inner region. In addition, two more fainter and extended dust patterns are apparent in the color index map as well as extinction maps. These features are also evident in the smooth model subtracted residual maps. The extinction curve derived for this galaxy revealed that dust grains in it are identical to the canonical grains in the Milky Way with the dust grains little larger than the canonical grains. The total extinction measured in the V band extinction map enabled us to quantify the dust content of this galaxy to be equal to 4 4.9 10 M ×  , an order of magnitude shorter than that estimated using the IRAS flux densities at 60 and 100 μm. A Multiphase ISM study revealed a surprising similarity in the morphologies of the H α emitting ionized gas distribution and X-ray emitting gas. Systematic analysis of high resolution X-ray observations using Chandra telescope enabled us to detect 18 discrete X-ray sources within optical D 25 region of IC 5063, out of which 17 sources were separated out as the low mass X-ray binaries and one as the high mass X-ray binary source in the X-ray color-color plot.
Introduction
Classically, early-type galaxies (ETGs, both elliptical and lenticular collectively) were considered to be old, passive systems with a very low or almost devoid of gas and dust. However, with the availability of highly sensitive, state-of-the-art observing facilities covering wide range of electromagnetic spectrum have revealed that a notable fraction of these galaxies does host a substantial amount of interstellar medium (ISM) including interstellar dust. In fact, presence of dust and its systematic studies in this class of galaxies has acted as the theoretical smoking gun to trace the evolution and formation history of their host.
Particularly, the diffusely distributed component of interstellar dust within galaxies has been chosen as the component to explore histories of ETGs due to its direct link with the cold gas in ISM. As a result, study of dust properties in this class of galaxies has been the topic of extensive study in last few decades.
A large fraction (~50% -80%) of ETGs, at least in the local universe, are now known to host interstellar dust in the form of lanes, filaments and patches, which has been confirmed through the careful analysis of high quality optical CCD imaging observations, thanks to the availability of sensitive array detectors [1] [2] [3] [4] [5] . These claims were further confirmed through the multiwavelength observations of these galaxies, particularly in the far-IR and sub-mm regions, investigating the presence of a substantial fraction of cold dust in these galaxies [6] [7] . X-ray observations of these galaxies have also detected a substantial amount of hot plasma heated to temperature about 10 7 K in a large fraction of ETGs [3] [8] [9] [10] . Thus the presence of dust and ISM in various phases (atomic, molecular and plasma) is a common feature. The dust grains distributed within a galaxy modify the stellar spectral energy by absorbing or scattering photons of shorter wavelengths (UV and optical) and re-radiate it at longer wavelengths (FIR and sub-mm). The former is commonly referred to as the dust extinction and exhibit wavelength dependent nature, which can directly be envisaged in the form of dark lanes or patches in optical images. Therefore, systematic imaging analysis of a large sample of early-type galaxies is called for to understand the spatial distribution of dust in ETGs. The subsequent emission of the absorbed energy by the dust grains at longer wavelengths has been detected in a large sample of this class of galaxies by the Infra-Red Astronomical Satellite (IRAS) [6] , the Infrared Space Observatory (ISO) and the Spitzer Space Telescope, and is also taken as the tracer for the current star formation in these galaxies [11] . IC 5063 is a potentially important candidate of Seyfert 2 type and has been studied extensively employing present day state-of-the-art multiwavelength observing facilities, including Chandra, HST, VLA, SPITZER, GALEX, etc. However, the main focus of these studies were to investigate AGN activity in at the core of this galaxy and its impact on the galaxy environemnt in general and ISM in particular. Further, a large attempt were made to explore the AGN jets and outflows [12] [13] [14] . The origin of dust in ETGs is one of the long debated issue. Three possible
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sources are supposed to yield the observed dust in ETGs: 1) formed in the atmospheres of the AGB stars, which then is shed into the ISM, 2) acquired through the merging or tidal capture from the neighbor, and 3) the same uncertain source as that in late-type galaxies e.g., growing continuously in the form of grains in ISM or supernovae, or left over from a vigorous star formation [15] .
This paper presents dust extinction in a prominent dust lane early type galaxy IC 5063 (PKS 2048-57), which has been reported as a strong extended high-excitation optical line emitter and has also been detected as a powerful infrared emitter. The dust in this galaxy is found to extend out in the form of a lane till its edge [16] [17] . H α imaging has uncovered several bright knots of nebular emission lines within central 3" aperture as if they appear as multiple nuclei due to a merger event [18] . The global parameters of IC 5063 are given in Table 1 .
The paper is organized as follows. Section 2 describes the optical and X-ray observations and data analysis processes, while Section 3 discusses the dust extinction properties and also compares its association with that of the ionized gas. Section 4 discusses results derived from the spatial and spectral analysis of X-ray emission from this galaxy and also presents observed properties of discrete X-ray binary sources that have been detected within the optical D 25 region of this galaxy. The origin of dust and its association with other phases of ISM along with summary of the results are given in Section 5. [19] . These images were bias subtracted, flat fielded and co-added to achieve good S/N. We processed these images following standard data analysis tasks within IRAF. The sky background was estimated employing the box method and was then subtracted from the respective science images. All the five images were then aligned geometrically employing the task geomap and geotran within IRAF. We also acquired near-IR J, H and Ks band images of IC 5063 from the archive of the Two Micron All Sky Survey (2MASS) and near UV and far-UV images from the GALEX archive.
X-Ray Data
Though X-ray emission properties of IC 5063 using Chandra observations have already been reported by LaMassa (2011) . Bad pixels and other artefacts were identified and removed from the level-1 data sets by running the script chandra_repro. The background light curve was derived by extracting 2 -7 keV X-ray photons from chip S3 away from the source and the periods of high background flaring events (with 3σ clipping threshold) were identified and removed from the data sets using the script lc_sigma_clip within SHERPA [23] . Removal of such flaring segments from the data reduced the effective exposure of the observation to 34.1 ks. We used ACIS-S blank-sky observations provided by the Chandra X-ray centre (CXC) for sky background subtraction from the science data. CIAO task acis_bkgrnd lookup was used to identify the blank-sky data corresponding to IC 5063 observations and the background count rates in 9-12 keV band were adjusted so as to match those in the source image [24] . As IC 5063 was observed in Very Faint (VFAINT) telemetry format, therefore, we applied VFAINT background screening to the blank-sky file after including events with status = 0. Exposure map and exposure-corrected image of IC 5063 in 0.3 -3 keV energy band were created using standard CIAO FLUXIMAGE script. Point sources across the field
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of view were detected through the CIAO script wavdetect [23] and were excluded while deriving X-ray emission map of IC 5063. For investigating thermodynamical properties of the X-ray emitting gas from regions of interest from within IC 5063 we extracted the source spectra, background spectra, response and effective area files using task specextract within CIAO, which were then fitted using spectral analysis package XSPEC-12.8.1.
Results and Discussion

Dust Properties
Though the presence of interstellar dust in IC 5063 has been known since long Figure 1 shows one of such a color-index maps (B-R) of IC 5063, the brighter shades in which reveals the dust occupied regions, matching well with that reported by Colina (1991) [26] .
Once morphology of the dust was confirmed in the color index maps, next step was to quantify the dust extinction in each of the passband. This require comparing the stellar light distribution in the presence and absence of interstellar dust in the target galaxy i.e., by comparing light distribution in the cleaned science frame with that of its 2D smooth model [27] . For this we obtained dust free models of IC 5063 in each of the passband by employing two different approaches. In the first attempt we fit isophotes of light distribution in this galaxy with ellipses using the ISOPHOTE package within IRAF (see Patil et al., 2007 [3] for details). We allowed the position angle, ellipticity of each of the isophote to vary, while the center coordinates were fixed during the fit. The fitting was continued till the signal reaches 3σ of the background. Before this all the obvious regions occupying dust and foreground stars were masked and ignored during the fit. Dust free models of IC 5063 in each of the passband were also obtained employing the GALFIT 3.0.5 code of [28] .
This code uses the Sersic model [29] for deriving light distribution within the program galaxies. We provided the proper image size, the point spread function (psf) of each of the band pass, initial guess parameters like, position angle, ellipticity, center coordinates as input to the GALFIT. Here too, we masked the foreground stars while deriving the two dimensional smooth models so that GALFIT yields a better fit with the reduced χ 2 [28] . We then derived the residual maps of IC 5063 after subtracting dust free models from original science frames.
The V and R band residual maps thus derived are shown in Figure 2 . Dust free models thus generated were then used to quantify the wavelength dependent nature of the dust extinction, the extinction curve, using relation 
versus inverse of the wavelength, for IC 5063 is shown in Figure 4 and is found to exhibit linear relation. For comparison we also plot a similar curve for the Milky Way (shown in red line, [30] ) in the same plot. The extinction curve for the program galaxy is found to run parallel to that for the canonical curve indicating that the dust extinction in both of the galaxies is of identical nature. Similar inferences were also arrived at for a number of early-type galaxies [ which was found to be 58 K, hot relative to the grains evidenced in other dusty early-type galaxies [3] . Then we estimate the dust mass from measured values of IRAS flux densities to be equal to 
X-Ray Emission
With an analogy to examine morphology of the X-ray emitting hot gas and also to investigate its association with that of the interstellar dust we have derived X-ray emission maps of IC 5063 employing 34.1 ks Chandra observations. A 0.3 -3 keV background subtracted, exposure corrected, point source removed, 3σ smoothed X-ray emission map for IC 5063 is shown in Figure 5(a) . In the same figure we also overlay contours of dust occupied region, which exhibit that the X-ray emitting flux is diminished along the dust occupied region revealing that X-rays are lost along this region. We also derive X-ray tri-color map by combining X-ray photons extracted in three different energy bands namely, the soft (0.3 -1 keV, shown in red color), medium (1 -2 keV, green color) and hard (2 -7 keV, blue color). The resultant X-ray tri-color map is shown in Figure 5 (b), which indicate that the X-ray emission in the central region is dominated by harder component while the diffuse emission is mostly due to the soft component.
Global properties of the X-ray emitting gas from within IC 5063 were also investigated by extracting a 0.3 -7 keV combined spectrum of the X-ray photons from within its optical D 25 region. Emission from central 1" was excluded from this analysis to avoid the harder component originating from the nuclear source. 
X-Ray Binary Sources
X-ray study of this galaxy enabled us to resolve a set of 18 discrete X-ray binary sources (XRBs) within optical D 25 region of IC 5063 of the Chandra image. XRBs are believed to be associated with the star forming history and hence act as proxy to investigate formation scenario of the host galaxy [37] .
As a result several attempts were made in the past to investigate population of these sources in early-type galaxies using the high spatial resolution data from Chandra observatory [23] [38] . An XRB has a dwarf companion like neutron star or a black hole that accretes matter from a gravitationally bound evolved star, accretion of which yields in X-ray emission. Therefore, to investigate the characteristics of the dwarf companion it is required to understand its spectral nature. However, spectral analysis of X-ray emission from such discrete sources is not always possible due to insufficient statistics in majority of the sources.
Alternatively we employed the X-ray color plots of the discrete sources to investigate their spectral properties and also to classify the resolved sources in different types [39] . The plot between the measured values of X-ray hardness ratios X31 versus the soft color X21 is shown in Figure 6 , which clearly reveals that out of the resolved 18 discrete sources 17 belongs to the region classified as low mass X-ray binaries (LMXBs), while only one source was found to be of high mass X-ray binary (HMXB). This analysis failed to detect any of the super-soft as well as AGN source in the field.
Multiphase ISM
With an objective to examine the association of dust with ionized gas, we have This figure clearly endorses the morphological similarities of the X-ray emitting gas with that of the ionized gas. Morphological similarities of the three components indicate that all the three components have a common origin. Thus, the systematic multiwavelength study of IC 5063 allows us to examine the spatial correspondence between the interstellar dust, warm ionized gas and X-ray hot gas.
Conclusions
This paper presents multiwavelength study of a dust lane early-type galaxy IC 5063 with an objective to investigate dust extinction properties and association of dust with other phases of ISM. The main results from this study are 4.9 10 M ×  , which was an order of magnitude shorter than that estimated using the IRAS flux densities at 60 and 100 μm.  With an objective to investigate the presence of other phases of ISM in this galaxy we have also derived its nebular emission maps centered on the H α emission and X-ray emission maps. A surprising similarity was evidenced in the morphologies of the H α emitting ionized gas distribution and X-ray emitting gas.
 High resolution X-ray imaging analysis of Chandra observations of this galaxy also enabled us to detect 18 discrete X-ray binary sources within optical D 25 region of IC 5063, out of which 17 sources were separated out as the low mass X-ray binaries and one as the high mass X-ray binary source in the X-ray color-color plot.
